Open Green Space Development Priority Based on Distribution of air Temperature Change in Capital City of Indonesia, Jakarta  by Ramdhoni, Syahru et al.
 Procedia Environmental Sciences  33 ( 2016 )  204 – 213 
1878-0296 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015
doi: 10.1016/j.proenv.2016.03.071 
Available online at www.sciencedirect.com
ScienceDirect
The 2nd International Symposium on LAPAN-IPB Satellite for Food Security and Environmental 
Monitoring 2015, LISAT-FSEM 2015 
Open green space development priority based on distribution of air 
temperature change in capital city of Indonesia, Jakarta 
Syahru Ramdhoni*, Siti Badriyah Rushayati, Lilik Budi Prasetyo 
Department of Forest Resources Conservation and Ecotourism, Faculty of Forestry, Bogor Agricultural University, Kampus IPB Darmaga, 
Bogor 16680, Indonesia 
Abstract 
One of the main cause of environmental degradation in Jakarta is caused by quality degradation of open green space. Urban forest 
as a form of open green space has an important role in microclimate amelioration. Urban forest can reduce surface temperature, 
which have a close relation to land cover and air temperature. Urban forests as a heat absorbent reduce air temperature by 
transpiration. During 2001-2014 trees in Jakarta is decrease around 5.1% while built-up area is increase around 13%. That was 
causing surface temperature is increase around 2-4°C, meanwhile air temperature is increase about 2-3°C during 2001-2014. 
Priority of urban forest development to reduce high temperature in Jakarta not only should take a place in public area, but also in 
private. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015. 
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1. Introduction 
Jakarta as a capital city of Indonesia possesses various problems related with environment. One of the 
environmental problems faced by Jakarta is degradation in quality and quantity of open green space (OGS) which 
results in the occurrence of urban heat island (UHI) phenomenon. Murayama et al. [1] described that during period of 
2001-2014, Jakarta Metropolitan City exhibited increase in built-up are, up to 80.67%, followed by decrease in 
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vegetated land and water bodies. The same phenomenon was also described by Lestari et al. [2] where the built-up 
area in Jakarta progressively increase with average of 548 ha/year during period of 1997-2012. 
Open green space (OGS) is known as one of the indicators being used for assessing the convenience level of an 
urban area. OGS play some roles, mainly in absorbing the negative results of urban activities. OGS creates benefits 
toward environmental components in the form among others of absorbing heat, reducing noise level and air pollution 
level, and acts as carbon sink through oxygenation process. Through its role in amelioration of micro climate, OGS 
could reduce surface temperature which influences directly the distribution of air temperature [3] [4] [5]. 
The decrease of OGS in urban areas has an impact in the form of increase in surface and air temperature. Lestari 
et al. [2] explains that surface temperature in Jakarta increased on the average at the rate of 0.02°C/year during period 
of 1997-2012. One of the efforts which could be conducted to suppress the increase of air temperature in urban areas 
is development of OGS. The objective of this research is mapping the change of air temperature distribution in Jakarta 
in the years 2001 and 2014, and also mapping the priority for OGS development based on distribution of air 
temperature change in Jakarta. 
2. Method 
This research was conducted in five territories of Administrative City of Jakarta. Data collection was conducted 
for 3 months, between July-September 2014. Research location could be seen in Fig. 1. 
 

Fig. 1. Map of research location  
The collected data comprise primary data and secondary data. The collected primary data were ground truth points 
using hand-held GPS receiver for assessing classification accuracy of land cover mapping. Secondary data were 
obtained through literature study. Data processing was conducted by processing landsat imagery of year 2001 and 
2014 using software e-Cognition, Erdas, and ArcGis. Data processing consist of land cover and land cover change 
mapping, surface and air temperature mapping and afterwards analyzed to learn the priority of OGS development.  
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2.1. Land cover change 
Land cover change is analyzed by using object-based image analysis (OBIA). Comparing with pixel-based image 
analysis, object-based image analysis has many advantages [6] although it was only represented on high spatial 
resolution images [7]. Land cover classification was divided into four classes which were water body, tree stands, 
non-tree vegetation and built-up area. 
2.2. Surface temperature change 
Surface temperature is a key parameter in understanding physical process occurring in earth surface [8]. Each object 
in earth surface possesses characteristic of emissivity and thermal conductivity in relation with heat energy radiated 
by the sun. Surface temperature is influenced very much by land cover, value of NDVI, and geographic position of 
latitude and longitude of an area [9]. Surface temperature calculated by using thermal band of landsat imagery. The 
equation used can be seen below as well as mentioned in landsat 7 handbook. 
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Where LȜ is spectral radiance, L max is spectral radiance min, L min is spectral radiance max, Qcal is digital number, 
Qcal max is the maximum quantized calibrated pixel value, Qcal min is the minimum quantized calibrated pixel value, 
Ts is surface temperature. 
2.3. Air temperature change 
Temperature in urban areas increased gradually from time to time in nearly all areas of the world [10]. Distribution 
of air temperature map was derived from the process of surface energy balance. The process can be simplified to 
extract the air temperature map as shown below. 
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Where Rn is net radiation (Wm-2), Rsin is incoming short wave radiation (Wm-2), Rsout is reflected short wave 
radiation (Wm-2), Rlout is reflected long wave radiation (Wm-2), d is distance between sun and earth in Julian date 
(AU), 1/band is half amplitude bandwidth band I, ESUN is Earth sun distance, șs is sun zenith angle, Į is albedo, İ is 
emissivity, ı is Stefan Boltzman constant (5.67 x 10-8 Wm-2 K-4), G is Soil heat flux (Wm-2), NDVI is Normalized 
Differential Vegetation Indexed, H is sensible heat flux (Wm-2), ȕ is bowen ratio constant (depend on landcover), Ta 
is air temperature (K), raH is transfer resistance (depend on land cover) (sm-1), ȡair is moist air density constant (1.27 
Kg m3), Cp is heat capacity of air at constant pressure (1 004 J Kg-1 K-1). 
2.4. Open green space priority 
One of the mitigation efforts is increasing green areas which is dominated by tree stands, or increasing open space 
in the form of water bodies. Tree stands and water bodies possess relatively higher heat capacity, so that they are able 
to absorb heat energy in greater amount and release the heat slowly through evaporation and transpiration, as compared 
with those of constructed land. In shaping the microclimate, trees could control the thermal environment [11]. Priority 
classes for OGS development was made by categorizing change in distribution of air temperature and land cover into 
three classes, namely: low priority, moderate priority and high priority. 
3. Results and discussion 
Geographically, DKI Jakarta is categorized as urban territory which built in coastal areas. Part of the territory of 
Jakarta (40%) is lowland with elevation below the surface of high tide sea water. Soil types in Jakarta are clayey soils 
which have low absorbing ability. These two biophysical condition make Jakarta becomes area which is susceptible 
to floods, including marine tide flood [12]. 
3.1. Identification of land cover change  
Land cover is an actual and existing physical manifestation of an area without considering the allocated use of that 
land. On the basis of imagery interpretation, the territory of Jakarta is divided into four classes of land cover, as 
follows: 
 
x Water bodies in the form of river, canal, dam and swamp.  
x Tree stands in the form of area which is dominated by trees, either in the form of green belt, urban forest, 
plantation or home garden which is grown over by trees. 
x Non-tree vegetation, including bush, field, grass land, wetland rice field, dry farm land, and parks. 
x Built-up area in the form of residential areas, industrial areas and commercial / business areas. 
Analysis of land cover in Jakarta shows that Jakarta is dominated by built-up area as large as 68.44% in the year 
2001 and increased in the year 2014 to 81.41%. Increase in such built-up area is followed by decrease in vegetated 
land from 26.27% to 13.59%. The same phenomena also occur in water bodies which decrease from 5.29% to 5%.  
Fig. 2 shows land cover in Jakarta in the year 2001 and 2014. 
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Fig. 2. Map of land cover in Jakarta in the year 2001 and 2014 
Change in distribution of land cover in each territory of Administrative City of Jakarta in the year 2001 and 2014 
could be seen in Fig. 3.  
 
 
Fig. 3. Change in land cover in Jakarta 
0
2000
4000
6000
8000
10000
12000
14000
16000
W
at
er
b
od
y
Tr
ee
st
an
ds
N
on
Ͳtr
ee
v
eg
et
at
io
n
Bu
ilt
Ͳu
p
ar
ea
W
at
er
b
od
y
Tr
ee
st
an
ds
N
on
Ͳtr
ee
v
eg
et
at
io
n
Bu
ilt
Ͳu
p
ar
ea
W
at
er
b
od
y
Tr
ee
st
an
ds
N
on
Ͳtr
ee
v
eg
et
at
io
n
Bu
ilt
Ͳu
p
ar
ea
W
at
er
b
od
y
Tr
ee
st
an
ds
N
on
Ͳtr
ee
v
eg
et
at
io
n
Bu
ilt
Ͳu
p
ar
ea
W
at
er
b
od
y
Tr
ee
st
an
ds
N
on
Ͳtr
ee
v
eg
et
at
io
n
Bu
ilt
Ͳu
p
ar
ea
West
Jakarta
Central
Jakarta
South
Jakarta
East
Jakarta
North
Jakarta
Ar
ea
(h
a)
2001
2014
209 Syahru Ramdhoni et al. /  Procedia Environmental Sciences  33 ( 2016 )  204 – 213 
Change in land cover in Jakarta occurred due to land conversion activities. One of the reasons of land conversion 
in Jakarta is human population increase. Increase in the number of residents of Jakarta, as recorded in census of year 
2010, during period of 2001-2010 was 1,218,344 persons with density of 14,469 persons/km2 [13]. Such density level, 
makes Jakarta as the densest city in Indonesia. The high level of growth and density of human inhabitants result in 
great demand for residential land, public facility and infrastructure, so that land conversion occurs mainly in the form 
of conversion of open green space to constructed land. 
3.2. Identification of change in surface temperature 
Based on the analysis of Landsat ETM+, areas which have surface temperature of > 30oC in the year 2001 were 
known to reach 37.04%. In the year 2014, in line with the progressive increase of land conversion to built-up area, the 
areas which have surface temperature > 30oC increased to 79.03%. Fig. 4 shows change in distribution of surface air 
temperature in Jakarta in year 2001 and 2014. 
 
 
Fig. 4.  Map of distribution of surface temperature of Jakarta in year 2001 and 2014 
High surface temperature constitutes a phenomenon related with energy balance and interaction between solar 
radiation and earth atmospheric layer [14]. Such interaction could also be affected by human activities.  Human 
activities, such as land conversion, use of fossil fuel and industrial activities affect elemental contents of air, and these 
phenomena affect the change in surface temperature. Fig. 5 provide information on distribution of surface temperature 
in the year 2001 and 2014 in each area of administrative cities in Jakarta. Change in surface temperature could be 
clearly seen in nearly all areas of Jakarta. 
Surface temperature is not only a key parameter for understanding climate change, but it is also a control parameter 
in surface radiation, so that it plays a role as control of heat surface and heat flux exchange in atmosphere. These 
phenomena explain the interaction between earth surface and atmosphere and energy fluxes between atmosphere and 
soil. This information could be used for estimating air temperature in a region. Heat energy which exists in a surface 
of an object will be transferred through mechanism of energy transfer to the soil and will afterwards be transferred to 
the air. In the day time, surface temperature of objects is higher than air temperature, so that heat in object’s surface 
will be transferred to the air. Heat which moves to the air would create a balance that could be felt by humans. 
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Fig. 5. Change in surface temperature in Jakarta 
3.3. Identification of change in distribution of air temperature  
Air temperature in Jakarta is on the average between the range of 24°C and 30°C in the year 2001. In the year 2014, 
air temperature in Jakarta exhibited increase which is on the average between 27oC - 30oC. These phenomena could 
be seen in Fig. 6. Air temperature distribution in each administrative city of Jakarta in the year 2001 and 2014 could 
be examined in detail in Fig. 7. 
 
 
Fig. 6. Map of distribution of air temperature of Jakarta in year 2001 and 2014 
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Fig. 7. Change in air temperature in Jakarta 
Area size in each administrative city which possesses surface temperature  30°C increased on the average by 
twice, while areas which have air temperature  30°C increased to 10,390.14 ha. 
3.4. Priority location for development of open green space  
Land cover in the form of tree stands or urban forest constitutes a form of OGS which are the most effective in 
reducing air temperature. Development of urban forest is the appropriate solution to reduce high temperature in 
Jakarta. On the basis of classification of land cover which was conducted in year 2014, it was known that land cover 
in the form of tree stands, was less than 10% in each administrative territory of the city, except North Jakarta which 
possessed 11.13%. Based on analysis results, change in distribution of air temperature in Jakarta shows areas with 
priority for OGS development in the form of urban forest. Priority for development of urban forest is divided into 
three classes on the basis of change in distribution of air temperature and distribution of land cover as shown in Table 
1 below. 
Table 1. Assumption used for dividing priority of OGS development
 No Class 
Assumption 
Air temperature change Land cover form 
1 Low Priority le 0 oC Water body or tree stands 
2 Moderate priority gt 0 oC and le 3.45 oC Non tree vegetation or Built-up Area 
3 High Priority gt 3.45 oC Non tree vegetation or Built-up Area 
 
Efforts to reduce air temperature in those areas are aimed to reduce the effect of heat island which occurs in the 
areas of Jakarta. Table 2 shows the distribution of priority areas for development of urban forest in each territory of 
administrative city. Administrative city which possess the largest area with high priority class is North Jakarta.  North 
Jakarta city exhibits great change in temperature, although it possesses the largest area of open green space in the form 
of tree stands, mainly in Cilincing subdistrict as large as 1,036.49 ha and Koja subdistrict as large as 748.42 ha. The 
two subdistrict areas are those which in the year 2001 exhibited average temperature of 25°C - 26°C, although in the 
year 2014, the temperature increased by more than 3°C.  Location of priority areas for development of urban forest 
could be examined in Fig. 8. 
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Table 2 Distribution of area size of priority classes for OGS development in DKI Jakarta
City  Low (ha) Moderate (ha) High (ha) 
West Jakarta 4,142.78 8,128.88 355.49 
Central Jakarta 994.23 3,749.93 90.72 
South Jakarta 4,021.55 8,817.33 1,774.16 
East Jakarta 3,947.61 12,236.68 2,453.55 
North Jakarta 4,128.67 10,689.00 2,566.93 
Total 17,234.84 43,621.82 7,240.85 
 
 
Fig. 8.  Map of priority areas for development of OGS on the basis of distribution of air temperature change in Jakarta 
If areas categorized as high priority, is overlaid on map which shows change of land cover distribution, it can be 
shown that the high priority areas are generally those which undergo land conversion from tree stand to non-tree 
vegetation and constructed land. On the other hand, areas which in the beginning was in the form of constructed land, 
and do not undergo change, generally exhibit increase in air temperature of 0°C – 3°C so that they are categorized as 
low to moderate priority classes, although actually the air temperature in the areas is categorized as high ( 30°C). 
Availability of open green space in the territory of DKI Jakarta, either in the form of tree stand or non-tree vegetation 
is in areas which are potential to be developed as urban forest. 
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4. Conclusion 
Air temperature in Jakarta, on the average, exhibit increase of 2°C – 3°C in the period between 2001 and 2014. 
Temperature increase in Jakarta is linearly proportional with increase in constructed land and inversely proportional 
with area size of open green space in Jakarta, which undergo decrease in area size. During period of 2001 – 2014, 
built-up area in Jakarta increased to 13%, whereas OGS in the form of tree stand decreased by 5.1%. Areas of East 
Jakarta are those which exhibit the greatest change in temperature in line with change in land cover. Development of 
OGS in the form of urban forest is an attempt to reduce heat island effect occurring in areas of Jakarta. Size of areas 
with high priority for development of OGS is 43621.82 ha; while that of low priority 17,234.85 ha.  On the basis of 
area size distribution of air temperature, urban areas in Jakarta which possess high priority for development of OGS 
are respectively East Jakarta, North Jakarta, South Jakarta, West Jakarta and Central Jakarta. 
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